Wine production is an important socio-economic activity in Mediterranean countries. This study is focused on wine production under warm and dry climate conditions in south Portugal, in two major wine-producing regions (Tejo and Alentejo), characterized by small to medium sized wineries. Vineyards have been expanding in this region of Portugal, where about 50-70% of the vineyards are irrigated, increasing regional water demand. The aim of this study is to propose an integrative approach for wine production, where a simple calculation model has been developed and validated to preview water consumption and wastewater production, as functions of winemaking periods and type of processed grapes. Results revealed a global ratio of 2.2 ± 0.45 and 2.1 ± 0.17 L water /L wine . Concerning dedicated indicators, 60-75% of the wastewater was produced during Period I and the red wine production represented a 50-64% increase in water consumption. This tool will enable winemakers to calculate Global and Dedicated Indicators, based on their own parameters, which provide information on flow volumes and peak flows.
Portugal has 14 different winegrowing regions. However, according to Nomenclature Territorial Units 2 (NTU2) they are aggregated in only seven regions, and the Alentejo NTU2 region includes the Alentejo and Tejo winegrowing regions.
In Alentejo, the average area per farm is about 6.8 ha, which is five times that of the country's average, accounting for 20% of the Portuguese wine-production area and about one-third of Portuguese wine production (IVV ).
The climate of the Alentejo NTU region has an average temperature of 14.5 C with maximum average values of 33 C (July-August) and minimum values of 5 C or less (in January), and 3,000 h/yr of sun. Temperatures can be colder in winter and heat waves can strike during summer and the region is characterized by large inter-annual variability in terms of precipitation ( Figure 1 ).
About 50% of the Alentejo NTU2 vineyards are already irrigated (IVV ). Therefore, one of the biggest challenges for the Portuguese wine industry relates to water issues, namely water use, wastewater production and management in viticulture and oenology (Peth et al. ) . In a climate change scenario that predicts restrictions in water availability in dry areas for the industry and irrigated agriculture, and where additional gains in water use
Figure 1 | Yearly accumulated rainfall variability for Évora (AlentejoNTU2) over the period comprising 1973-2010. Q1 to Q3 represents the interquartile range, and shows the variability of the middle 50% yearly accumulated rainfall events observed in that period of observation. Q1 (first quartile rank) represents the lowest 25% yearly accumulated rainfall events in the analyzed period. Q3 (third quartile rank) refers to the highest 25% yearly accumulated rainfall events in the analyzed period (Source: adapted Coelho et al.
2013).
efficiency are difficult to achieve, water reuse for multiple purposes can be an alternative solution for the wine sector. Moreover, implementation of leading practices for sustainable water and wastewater management in the wine sector will help to protect water resources.
Water issues related to wine production in the
Mediterranean
Similarly to other industries, winemaking can create a negative environmental impact that must be minimized (Navarro 
Metrics and indicators in the wine industry
The wine industry requires improved water metrics in order to robustly evaluate and predict its sustainability and environ- 
MATERIALS AND METHODOLOGY
Case studies characterization
The present study was carried out in Portugal, particularly in the NTU2 of Alentejo, which comprises the Alentejo and Tejo winegrowing regions. Winery I and Winery II were selected on the basis of the conceptual approach of FW systems, in order to evaluate an integrated strategy of vineyard and winery on water issues. These two medium sized wineries (5,000-10,000 hL production capacity) were monitored during three campaigns, between August 2013 and July 2016. With this purpose the winery installed water flow meters to provide daily registers. It is assumed that all the water consumed is discharged as wastewater.
Sampling approach
In order to optimize the analysis, a simplified approach was Calculation model
A calculation model is proposed to determine a 'Global
Indicator' of wastewater production based on 'Dedicated
Indicators' of water consumption (Equation (1)). If different periods and type of wine produced are considered as well as the implementation of best available technics (BAT), it is possible to calculate the Dedicated Indicators, based on labour periods (Equation (2) and Equation (3)). Wineries that apply BAT can reduce wastewater production 30-50%. During Period I white wine can produce less wastewater than red. Therefore, the ratio of wastewater production red/white (f gt ij ) considers this information. During
Period II the activities are measured together, so F is the correction factor for the ratio f gt ij during Period II and f gt 2j is then 1/F.
Global Indicator (L wastewater =L wine )
where,
j -type of grape (j ¼ 1, white wine; j ¼ 2, red wine) P -production (kg of grape/yr) V -vinification rate Q i -ratio of wastewater flow in each Period (%)
W -annual wastewater produced (m 3 /yr) gt j -ratio of grape type, red/white, (%) f gt ij -ratio of wastewater production red/white F -correction factor for the ratio f gt ij during Period II BAT -coefficient related to BATs implementation.
If the interest is the assessment of Dedicated Indicators, based on type of wine, Equation (2) can be modified to Equation (4), and the dedicated indicator will be expressed as L wastewater /L white wine or L wastewater /L red wine .
On the other hand, if all flows are known, in both periods, as well as the length of each Period I and II, Equation (2) can be simplified as Equation (5):
Global Indicator (L wastewater =L wine ) (Table 3 ) and can be used as reference values to fill the model for wineries where there is lack of information.
RESULTS AND DISCUSSION
There are several references for the amount of wastewater produced per litre of wine bottled (L wastewater /L wine ) but wastewater production as a function of the type of grape (white versus red) has not been fully addressed. The proposed approach allows the stakeholder to evaluate wastewater production throughout the year, by labour period and by type of grape processed, based on their own parameters: production (kg grape/yr); vinification rate, usually 0.75; type of grape processed (white or red) and annual water consumption during the oenological processes (Table 4) .
A more integrated approach of vineyard and winery environmental management is required by the modern wine industry. To optimize the system, the focus should be on the knowledge of flows and loads, during Periods I and II, according to dimension and type of grape processed (white vs red). In this study it is not only possible to analyse the global indicator of water consumption, but also to identify dedicated indicators, as a function of processed grapes or labour period (Table 5 ). In the present study, two wineries were monitored for water consumption and a ratio of Nevertheless, when these equations were applied to the Portuguese case-studies an overestimation of the wastewater produced was found. Also, it was identified that in small to medium sized wineries, years of lower production affected negatively the water ratio consumption. This could be explained by some specific washing operations which are strongly dependent on the size of the tanks, e.g. fermentation vessels, storage tanks and maturation tanks (Vlyssides et al. ) , because regardless of the amount of grapes processed, the tanks and machinery have a fixed volume or size and consume the same amount of washing water.
Regarding wastewater distribution throughout the year, our data revealed that most of the wastewater (60-75%) was produced during Period I (vintage and first racking periods), which lasts one to two months. In addition, in
Italy, 78% of the global wastewater produced was generated during this winemaking period (Lofrano et al. ) . As the quantity of red wine produced in Portugal is globally higher, the water consumption related to red wine production is higher. Furthermore, the results show that red wine leads to more water consumption related to waste removal, presenting an increase of 50-64% of water consumption compared with white wine, regardless of the amount of wine produced.
These findings highlight that the wastewater treatment system should be flexible, capable of facing fluctuations of 
CONCLUSIONS
This methodology and related modelling approach have the major advantages of flexibility and adaptation to different 
